Odors in female mice induce sexual arousal in male mice. Repeated exposure to female odors attenuates male attraction, which recovers when the odors are removed. The neuronal mechanisms for the recovery of male attraction have not been clarified. In this study, we examined how olfactory systems are involved in the recovery of male attraction to female odors following habituation in mice. Presentation with volatile female odors for 5 min induced habituation in males. To evaluate male attraction to familiar volatile female odors, we measured the duration for investigating volatile female odors from the same female mouse, which was presented twice for 5 min with 1-, 3-, or 5-min interval. Intranasal irrigation with ZnSO 4 solution almost completely suppressed investigating behavior, indicating that the main olfactory system is indispensable for inducing the attraction to volatile female odors. In contrast, removal of the vomeronasal organ, bilateral lesions of the accessory olfactory bulb (AOB), or pharmacological blockage of neurotransmission in the AOB did not affect the investigation time at the first odor presentation. However, each one of the treatments decreased the investigation time in the second presentation, compared to that in the first presentation, at longer intervals than control treatment, indicating that the disturbance of neurotransmission in the accessory olfactory system delayed the recovery of the attraction attenuated by the first presentation. These results suggest that the accessory olfactory system facilitates the recovery of the attraction to familiar volatile female odors in male mice.
Introduction
Olfaction plays an important role in social communication in animals. Animals detect a lot of information about their conspecies through olfaction, and display social behaviors including sexual, parental, and aggressive behaviors (Tirindelli et al. 2009 ). These instinctive behaviors can be divided into 2 phases: appetitive and consummatory phases (Tinbergen 1951) . Olfactory investigation of sexual partner, pups, or intruders is one of the important processes of the appetitive phase of instinctive behaviors in rodents. In male sexual behavior, male mice initially detect female odors. The male mice's behavior shifts to the consummatory phase, namely mounting, intromission, and ejaculation (Hull and Dominguez 2007) . Olfactory cues from female mice including body odors, urine, and soiled bedding obtained from females' home cages induce sexual arousal in male mice. Although those olfactory cues are attractive to males, repeated presentation of the same odor induces habituation (Muroi et al. 2006b; Jakupovic et al. 2008) . Habituation is defined as the decrease in behavioral responses induced by repeated or continuous presentations with the same stimulus (Rankin et al. 2009 ). On the other hand, removal of the stimulus can recover behavioral responses. Habituation to female odors may be an adaptive response to avoid unnecessary energy expenditure, such as when males cannot access females. However, low responsiveness of males to female odors may decrease opportunities to mate. It is thus more advantageous to recover males' responsiveness as quickly as possible in the absence of females. The neuronal mechanisms for recovering attenuated attraction of males to female odors have been poorly understood. In this study, we examined the neuronal mechanisms underlying the recovery of attraction to female odors following habituation in male mice.
The olfactory system consists of the main olfactory system (MOS) and the accessory olfactory system (AOS) in mammals (Baum and Cherry 2015) . In the MOS, olfactory sensory neurons in the olfactory epithelium receive odorants, and project into the main olfactory bulb (MOB). In the AOS, vomeronasal neurons in the vomeronasal organ (VNO) send their axons to the accessory olfactory bulb (AOB). Olfactory sensory neurons and vomeronasal neurons synapse onto mitral/tufted cells in the MOB and mitral cells in the AOB, respectively. Mitral/tufted cells in the MOB send their axons into the piriform cortex and several subdivisions of the cortical amygdala, whereas mitral cells in the AOB project into the subdivisions of the medial amygdala (Baum and Cherry 2015) . Although the MOS and AOS have separate neuronal pathways, both olfactory systems interact with each other to process chemosignals (Baum and Cherry 2015) . Prior detection of odors by the olfactory epithelium facilitates the detection of olfactory cues by the VNO (Slotnick 2010) , and the MOB may transduce chemosignals to the AOB via the medial amygdala (Martel and Baum 2009 ), which is a major projection site from the AOB and makes reciprocal connections with the AOB (Barber 1982; Martel and Baum 2009 ). Conversely, the AOB enhances the instinctive values of volatile urinary odors from females, which are detected by the MOS (Jakupovic et al. 2008) .
Although it had been widely accepted that the MOS and AOS detect general odors (e.g., food and predator odors) and pheromones, respectively, it has been suggested that the MOS also detects pheromones (Baum and Cherry 2015; Matsuo et al. 2015) . Although it had been accepted that the VNO detects non-volatile pheromones, recent reviews have suggested that the VNO also detects volatile pheromones (Baum and Cherry 2015; Martín-Sánchez 2015) . There are many evidences that vomeronasal neurons are activated by volatile pheromones in vitro (Leinders-Zufall et al. 2000; Sam et al. 2001; Boschat et al. 2002; Brennan and Zufall 2006) . However, there is no evidence that volatile pheromones are detected by the VNO without physical contact with pheromonal sources in awake animals. Pheromone receptors are classified into the 2 families: V1Rs and V2Rs, which detects volatile and non-volatile pheromones, respectively (Liberles 2014) . Although some species of the mammals including cattle lacks V2Rs (Young and Trask 2007) , bulls display flehmen response (Sankar and Archunan 2004) , which is understood as the response to expose the VNO to pheromones in the air. The VNO may also be involved in responding to volatile pheromones under the conditions distant from pheromonal sources.
To examine the involvement of MOS and/or AOS in modulating the attraction to female odors following habituation, we measured the duration of investigating volatile female odors derived from the same female, which were presented twice at 1-, 3-, or 5-min intervals, using a particular apparatus (Muroi et al. 2006a) . We first examined the involvement of the MOS in investigating volatile female odors after intranasal irrigation with ZnSO 4 solution. Next, we examined the involvement of the AOS in investigating familiar volatile female odors. In the AOB, mitral cells in the mitral cell layer (MCL) make reciprocal synapses with granule cells in the granule cell layer (GCL) (Taniguchi and Kaba 2001) . Mitral cells activate granule cells via 2 types of glutamate receptors, N-methyl-D-aspartate (NMDA) receptors and alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA/kainate) receptors (Taniguchi and Kaba 2001; Kaba and Huang 2005) . Conversely, activated granule cells release gamma-aminobutyric acid (GABA), and inhibit mitral cells via GABA A receptors (Taniguchi and Kaba 2001) . Granule cells also receive adrenergic inputs from the locus ceruleus, and GABA release is enhanced via alpha1 adrenergic receptor (Araneda and Firestein 2006) . Therefore, we examined the effect of the removal of the VNO, bilateral electrical lesions of the MCL or GCL, and pharmacological treatment to inhibit neurotransmission in the AOB on investigating familiar volatile female odors.
Material and methods

Animals
Sexually naive ddY male (N = 192) and female (N = 47) mice (8-15 weeks old; SLC, Hamamatsu, Japan) were housed in a cage with shredded paper for bedding, with a pellet diet (Clea, Tokyo, Japan) and water available ad libitum. The temperature (22 ± 2 °C) and humidity (35 ± 5%) in the room were kept constant. A 12:12-h light:dark cycle was maintained, with lights turned on at 06:00. 
Intranasal irrigation with ZnSO 4 solution
Male mice were anesthetized with isoflurane, and were made to lie on their back with their nose down with a 30° angle on the operating table, 3 days before the behavioral tests. Nasal cavities were irrigated with either 10 µL of 5% ZnSO 4 solution (N = 6) or sterile saline (N = 6) via spontaneous respiration. To prevent aspiration, any irrigated solution spilt into the oral cavities was removed using the aspirator.
Removal of the vomeronasal organ
Removal of the VNO (VNOx, N = 18) or sham-operation (VNOi, N = 18) was performed under pentobarbital sodium salt anesthesia (40 mg/kg body weight, i.p.; Nacalai tesque, Kyoto, Japan) 1 week before the behavioral tests, as published previously (Muroi Y et al. 2006b ) with some modifications. To ensure successful operations, brain sections were stained with biotinylated soybean agglutinin (J-Oil Mills, Tokyo, Japan), which selectively binds to vomeronasal neurons (Key and Giorgi 1986) , as published previously (Muroi et al. 2006b ) with some modifications. Briefly, after the behavioral tests, males were intracardially perfused with ice-cold phosphate-buffered saline (PBS) followed by 4% paraformaldehyde in PBS under isoflurane anesthesia after the behavioral test. After postfixation, the brains were sectioned sagittally at a thickness of 40-µm (Microslicer, DTK-1000, Dosakaem, Kyoto, Japan). A sagittal section including the largest AOB cross-section were obtained from each olfactory bulb, and then 2 sections were totally examined in each subject. After washing with PBS, the sections were treated with 0.1% Triton X-100 in PBS (TPBS) for 1 h at room temperature. After incubation in 1% H 2 O 2 in PBS for 20 min, the sections were placed in 2% goat serum in TPBS for 1 h at room temperature. The brain sections were incubated with biotinylated soybean agglutinin (1:10 000) in TPBS for 24 h at 4 °C, and then placed into avidin-biotin peroxidase complex solution (1:500) (Vectastain elite ABC kit; Vector Laboratories) for 2 h at room temperature. After washing with PBS, the brain sections were incubated in 50 mM Tris-HCl (pH = 7.6) containing 0.025% 3, 3′-diaminobenzidine tetrahydrochloride and 0.025% hydrogen peroxide for 10 min at room temperature. Only mice which lacks the staining in the glomerular cell layer of bilateral AOBs were used for data analysis ( Figure 1A and B). Five males which were positive in the staining of the glomerular layer after VNO removal were excluded from the data analysis.
AOB lesions
Male mice were subjected to bilateral partial lesions of the MCL (MCLx, N = 18) or the GCL (GCLx, N = 18) using a stereotaxic apparatus (Narishige) under pentobarbital sodium salt anesthesia at least 1 week before the behavioral test. The tip of a tungsten electrode with a 0.2-mm diameter (UNIQUE MEDICAL) was positioned at coordinates measured relative to bregma (MCLx: anterior, 3.6 mm; lateral, 1 mm; and depth, 1.7 mm; GCLx: anterior, 3.4 mm; lateral, 1 mm; and depth, 1.7 mm). Electrical lesions were made by passing a 1-s, 0.1-mA current 2 times. Sham operations (AOBi) were performed using the same coordinates as for MCLx without passing current (N = 12). After the behavioral test, the brain was obtained with the same procedures as mentioned above. To ensure successful lesions of the AOB, brain sections (40 µm thick) were stained with 0.1% cresyl violet solution ( Figure 1C and D) . Three males in which the lesions were localized outside the MCL or GCL were excluded from the data analysis.
Drug injection into the AOB
Male mice underwent bilateral implantation of stainless steel cannulae using a stereotaxic apparatus at least 1 week before the behavioral tests were performed. Each implanted cannula was comprised of an outer cannula (outer diameter, 0.5 mm; inner diameter, 0.4 mm; length, 7 mm; Eicom) and an inner cannula (thickness, 3 mm). The tip of the cannula was positioned at coordinates relative to bregma: anterior, 3.3 mm, lateral, 1 mm, and depth, 0.9 mm. To prevent mechanical lesioning of the AOB, the tip of the cannula was positioned on the glomerular cell layer. Drugs infused were the N-methyl-D-aspartate receptor antagonist DL-2-amino-5-phosphonopentanoic acid (APV, 200 µM, N = 12; Sigma), the AMPA/kainate receptor antagonist 6-cyano-7-nitroquinoxaline-2, 3-dione (CNQX, 50 µM, N = 12; Sigma), the GABA A receptor antagonist (+)-bicuculline (50 µM, N = 12; Tocris Cookson), and the alpha1 adrenergic receptor antagonist prazosin hydrochloride (prazosin, 20 µM, N = 12; WAKO). Each drug was dissolved in 1% ethanol in artificial cerebrospinal fluid (ACSF; 120 mM NaCl, 2.5 mM KCl, 1.25 mM NaH 2 PO 4 , 22 mM NaHCO 3 , 2 mM MgSO 4 , 2 mM CaCl 2 , 10 mM glucose, pH 7.3). The control group was injected with 1% ethanol in ACSF (N = 12). After the inner cannula was pulled out, the injection cannula (thickness: 3 mm, length: 7.5 mm) connected to a 10-µL microsyringe (ITO) was inserted into the outer cannula under isoflurane anesthesia. Drugs (0.5 µL) were injected into each olfactory bulb at a rate of 0.1 µL per 30 s. After drug injection, the injection cannula remained in place for 1 min, and then the opposite AOB was treated using the same procedure. Behavioral tests were performed 30 min after drug injection. To verify the position of the cannula tips, blue ink (0.5 µL) was injected into each bulb after the tests. Only mice in which the blue ink spread over the AOB were used for data analysis ( Figure 1G and H). Four males in which the blue ink did not spread over the AOB were excluded from the data analysis.
Behavioral tests
All behavioral tests were performed using a closed, transparent acrylic box (test box; 250 × 572 × 200 mm; l × w × h) divided by 2 partitions into 3 equal compartments: an upwind, middle, and downwind compartment (Muroi et al. 2006a) . Each partition had 2 opaque panels, 15 mm apart, with a 30 × 30-mm square hole covered with wire mesh. The hole in each panel was located, in the order from upwind compartment to downwind compartment, at the bottom, 7 cm from the bottom (upwind window), at the bottom, and at the top. A fan attached to the top of the downwind compartment directed the airflow only from the upwind compartment to the downwind compartment via the middle compartment (approximately 0.035 m 3 /min). All tests were performed in the dark between 18:00 and 23:00 under dim red light illumination. Estrus female mice, in which the estrus stage was determined by vaginal smear, were used as an odor source. A subject male was housed in the middle compartment of the test box for 30 min. An awake estrus female mouse in a cylindrical case (100 × 110 mm; diameter × height), the top of which was covered with wire mesh, was transferred to the upwind compartment. In the test box, males stand up and touch the upwind window to sniff volatile female odors. The duration of touching the upwind window was measured as the investigation time of volatile female odors. Except for the experiments shown in Figures 2A and 3 , volatile female odors were presented twice for 5 min with the inter-trial interval (ITI) as follows. Volatile female odors were presented to the subject male for 5 min, and then the female mouse with the cylindrical case was removed from the upwind compartment. After a 1-, 3-, or 5-min ITI, the same female mouse or the different female mouse was transferred into the upwind compartment, and volatile female odors were presented for 5 min. When the different females were presented between the first and second presentations, the different cylindrical cases were used. The cylindrical case was used to prevent the subject male from being exposed to female odors including urine and feces during the ITIs. In the experiment shown in Figures 2A  and 3 , volatile female odors were presented to the subject males for 5 min without second presentation. Only in the experiment shown in Figure 2A , the investigation time was measured for each 1 min.
Statistical analysis
All statistical analyses were performed using the SPSS 16.0 software (SPSS Inc.). The investigation times between first and second presentation were analyzed using paired t-test. The data shown in Figure 2A were analyzed using one-way repeated measure analysis of variance followed by Bonferroni test. The data shown in Figures 3 and 4A were analyzed using Student's t-test, following the analyses of homoscedasticity using Levene's test. The data shown in Figures 5A and 6A were analyzed using a one-way analysis of variance followed by Dunnett test. A P-value of < 0.05 was considered statistically significant.
Results
We first examined if the presentation of volatile female odors could induce habituation in male mice. When males were presented with volatile female odors for 5 min, the investigation time per minute gradually decreased (F 4, 20 = 5.96, P = 0.013; Figure 2A ). The investigation time significantly decreased during the period of 4-5 min after the start of odor presentation (P = 0.04).
We next investigated which of the ITIs recovers male attraction following the habituation. The investigation time in the second presentation was smaller than that in the first presentation at 1-min ITI (P = 0.003), but not at 3-and 5-min ITIs (P = 0.21 and 0.25, respectively; Figure 2B ).
To determine whether the decrease in the investigation time in the second presentation at 1-min ITI results from the habituation to familiar volatile female odors, volatile female odors from different mice were exposed to males between the first and second presentations. There was no difference in the investigation time between the first and second presentations at 1-and 3-min ITIs (P = 0.16 and 0.14, respectively; Figure 2C ).
We examined whether the MOS is involved in regulating the attraction to volatile female odors. The infusion of 5% ZnSO 4 solution into the nasal cavities dramatically decreased investigation time (P < 0.001; Figure 3) .
We next examined whether the AOS is involved in regulating the attraction to familiar volatile female odors following the habituation. There was no difference in the investigation time in the first presentation between VNOi males and VNOx males (P = 0.53; Figure 4A ). We compared the investigation time in the first presentation with in the second presentation. The investigation time in the second presentation was smaller than that in the first presentation at 1-min ITI (P = 0.002), but not at 3-and 5-min ITIs (P = 0.33 and 0.082, respectively), in VNOi males ( Figure 4B ). In contrast, the investigation time in the second presentation was smaller than that in the first presentation at 1 and 3 min it is (P = 0.001 and 0.014, respectively), but not 5-min ITI (P = 0.34), in VNOx males ( Figure 4C ).
We further examined whether the AOB is involved in modulating the attraction to familiar volatile female odors following the habituation. There was no difference in the investigation time in the first presentation among AOBi, MCLx, and GCLx males (F 2, 45 = 0.86, P = 0.43; Figure 5A ). We compared the investigation time in the first presentation with that in the second presentation in each group. There was no difference in the investigation time between the first and second presentations at 1-and 3-min ITIs in AOBi males (P = 0.13 and 0.93, respectively; Figure 5B ). In contrast, the investigation time in the second presentation was smaller than that in the first presentation at 1-and 3-min ITIs (P = 0.042 and 0.028, respectively), but not 5-min ITI (P = 0.27), in MCLx males ( Figure 5C ), and at 1-, 3-, and 5-min ITIs in GCLx males (P = 0.027, 0.031, and 0.042, respectively; Figure 5D ).
We finally examined the involvement of neuronal transmission of the AOB in modulating the attraction to familiar volatile female odors following the habituation. There was no difference in the investigation time in the first presentation among ACSF, APV, CNQX, bicuculline, and prazosin-treated males (F 4, 55 = 0.312, P = 0.87; Figure 6A ). There was no difference in the investigation time between the first and second presentations at 1-and 3-min ITIs in ACSF-treated males (P = 0.73 and 0.38, respectively; Figure 6B ). In contrast, in APV-, CNQX-, and prazosin-treated males, the investigation time in the second presentation was smaller than that in the first presentation at 1-min ITI (P = 0.046, 0.046, or 0.020, respectively), but not at 3-min ITI (P = 0.76, 0.89, or 0.92, respectively; Figure 6C , D and F). Moreover, the investigation time in the second presentation was also smaller than that in the first presentation at 1-and 3-min ITIs in bicuculline-treated males (P = 0.035 and 0.016, respectively; Figure 6E ).
Discussion
Intranasal treatment with ZnSO 4 solution almost completely disrupts investigating behavior (Figure 3) . In contrast, none of the treatments of the AOS, namely VNOx, AOB lesions, and pharmacological treatments, affected the investigation time in the first presentation ( Figures 4A, 5A , and 6A). These results indicate that the main olfactory inputs are indispensable for inducing investigating behavior of volatile female odors, and that the AOS may not affect the attraction to novel volatile female odors. However, in a previous study, bilateral AOB lesions decreased the time spent investigating volatile urinary odors of females in male mice (Jakupovic et al. 2008) . This discrepancy may be due to the different odor sources (intact estrus female and urine), or the difference in the protocols used in the 2 studies, including the methods by which investigation time was measured and volatile odors were presented.
Novel volatile female odors induced investigating behavior in males. However, the investigation time gradually decreased after 5 min of exposure (Figure 2A ), indicating that presentation of volatile female odors for 5 min induced habituation in males. When volatile female odors from the same individual were presented twice at an ITI, the investigation time was smaller in the second presentation than in the first presentation at 1-min ITI, but not at 3-min and 5-min ITIs ( Figure 2B ). However, when volatile female odors from different females were presented between the first and second presentations, there was no difference in the investigation time at 1-or 3-min ITIs ( Figure 2C ). These results indicate that male attraction to familiar, but not novel, volatile female odors has yet to be recovered at the 1-min ITI, and that the recovery of male attraction to familiar volatile female odors requires an ITI above 3 min.
Similar results obtained in VNOi males ( Figure 4B ). However, VNOx prolonged the ITI at which the investigation time was smaller in the second presentation than in the first presentation ( Figure 4C ).
These results indicate that the AOS may facilitate the recovery of the attraction to familiar volatile female odors.
The investigation time was smaller in the second presentation than in the first presentation at 1-min ITI in intact males and VNOi males, but not AOBi males and ACSF-treated males, indicating that the insertion of the electrode, the implantation of the cannulae, or the injection of ACSF may affect the induction of habituation and/or the recovery of the attraction to familiar volatile female odors. AOBi males and ACSF-treated males also gradually decreased the investigation time per minute in the first presentation (data not shown), indicating that habituation to volatile female odors was induced. Although the manipulations of the AOB may affect the recovery of the attraction to familiar volatile female odors, we concluded that the AOB is involved in facilitating the recovery of the attraction to familiar volatile female odors, because AOB lesions and drug injection decreased the investigation time in the second presentation, compared to that in the first presentation, at 1-min and longer ITIs.
MCLx or GCLx decreased the investigation time in the second presentation, compared to that in the first presentation, at 1-min and longer ITIs ( Figure 5 ). These results indicate that the MCL and the GCL may be involved in facilitating the recovery of the attraction to familiar volatile female odors. We also examined the effect of antagonists, namely APV, CNQX, and bicuculline, of receptors that mediate neuronal transmission between mitral cells and granule cells. Treatment with each of the antagonist decreased the investigation time in the second presentation, compared to that in the first presentation, at 1-min or 3-min ITI (Figure 6 ). The AOB receives noradrenergic inputs from the locus coeruleus (McLean et al. 1989 ). Release of GABA from granule cells is facilitated via alpha 1 adrenergic receptors (Araneda and Firestein 2006) . Prazosin also decreased the investigation time in the second presentation, compared to that in the first presentation, at 1-min ITI ( Figure 6F ). These results indicate that the reciprocal neuronal transmission between mitral cells and granule cells is involved in facilitating the recovery of the attraction to familiar volatile female odors.
Pharmacological treatments did not decrease the investigation time in the second presentation, compared to that in the first presentation, at the ITI at which MCLx or GCLx did (Figures 5 and 6 ). The AOB lesion disrupts the neuronal network in the MCL or GCL by damaging the cells in each cell layer. As the AOB lesion constitutively disrupts the cellular functions, the signal transduction mediated by the NMDA, AMPA, GABA A , and alpha 1 adrenergic receptors are blocked at least in the lesioned area. In contrast, pharmacological treatment inhibits the signal transduction mediated by each receptor. Therefore, the effect of pharmacological treatment may be smaller than that of the AOB lesion.
Several reports have indicated that the AOB is activated in male mice by volatile odors from female urine (Xu et al. 2005; Martel and Baum 2007) and from intact estrus females (Muroi et al. 2006b ). There are 2 possible pathways to transduce chemosignals from volatile female odors to the AOB: the VNO inputs or the MOB inputs via the medial amygdala. The former idea is supported by our results: VNOx prolonged the ITI at which the investigation time was smaller in the second presentation than in the first presentation ( Figure 4C ). It had been widely accepted that vomeronasal neurons respond to nonvolatile odors. Luo et al. (2003) reported that activation of mitral cells in the AOS requires physical contact with pheromonal sources, indicating that volatile odors may not activate vomeronasal neurons. There is no evidence that awake animals detect volatile pheromones via the VNO without physical contact with the pheromonal sources. However, many studies demonstrated that vomeronasal neurons are activated by volatile odors in vitro (Leinders-Zufall et al. 2000; Sam et al. 2001; Boschat et al. 2002; Brennan and Zufall 2006) . Recent reviews suggest that volatile pheromones are detected by the VNO (Baum and Cherry 2015; Martín-Sánchez et al. 2015) . It is understood that volatile pheromones are escorted to the lumen of the VNO by binding with protein carriers (Liberles 2014) . Because protein carriers including lipocalins are secreted into the urine, saliva, and milk (Beynon and Hurst 2003) , volatile pheromones may not be transported into the lumen of the VNO in our experimental condition. If protein carriers are expressed in the nasal cavity, the proteins may entrap volatile pheromones to be transported into the lumen of the VNO. More researches are required for determining whether the VNO inputs into the AOB is involved in facilitating the recovery of the attraction to familiar volatile female odors. We cannot rule out the possibility that VNOx-induced degeneration of the axons of vomeronasal neurons may affect the function of the AOB. On the other hand, the MOB may transduce chemosignals to the AOB via the medial amygdala, which is a major projection site from the AOB. Direct projections from the MOB into the medial amygdala have also been identified (Kang et al. 2009) , and the medial amygdala makes reciprocal connections with the AOB (Barber 1982: Martel and . A previous study suggested that volatile urinary odors from males might activate the AOB via the MOS inputs through the medial amygdala in female mice (Martel and Baum 2009 ). The information from volatile odors from estrus females may also be transmitted into the AOB via the MOB-medial amygdala pathway.
In conclusion, the AOS, but not the MOS, is dispensable to inducing males' attraction to novel volatile female odors. However, the AOS facilitates the recovery of the attraction to familiar volatile female odors. Through this, males may receive increased opportunities to mate with females who have not yet been successfully mated with.
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